Summary. Various 
INTRODUCTION
The acrosome, a membranous cap-like structure covering the anterior part of the sperm head, contains material which gives a positive reaction with the periodic acid-Schiff (pas) reagent (Wislocki, 1949; Schrader & Leuchtenberger, 1951 ;  Hancock, 1957) . This material was extracted by Clermont, Glegg & Leblond (1955) from guinea-pig spermatozoa by means of 0-1 N-NaOH and, after hydrolysis, was found to contain galactose, mannose, fucose and hexosamine. Madera-Orsini (1956) and Miller & Mayer (1960) extracted washed bull spermatozoa with 0-01 N-NaOH and reported that the product contained protein, phospholipid, cholesterol, glucosamine and glucuronic acid. As an introduction to a study of the chemical composition 226 R. R. Hathaway and E. F. Hartree of acrosomes, we describe, in the present paper, various procedures designed to extract quantitatively, or to detach, the acrosome from mammalian sperm¬ atozoa. The endeavour has been to accomplish this end under the mildest possible conditions in order to minimize denaturation of the extracted sub¬ stances. This paper also includes the results of some experiments aimed at detecting spermatozoal antigens in the extracts.
MATERIALS AND METHODS
Semen was collected from sixteen rams by means of an artificial vagina. Thirty to 40 ml of pooled semen were allowed to cool slowly to 20°C , and small samples were removed for cytological and chemical analysis. In order to separate the spermatozoa from the seminal plasma, one volume of semen was mixed with three volumes of sperm-Ringer solution (Mann, 1946) (Long & Staples, 1961 (Vasseur, 1948) ; citric acid was determined by the method of Speck, Moulder & Evans (1946) , as adapted for semen by Mann (1951) . Hyaluronidase activity was measured turbidimetrically by a modification of the mucin-clot prevention method, in which results are expressed in 'turbidity reducing units' (Tolksdorf, 1954 Hancock (1952) . The pas technique (Hancock, 1957; Pearse, 1961) Table 1 . The rabbits were bled regularly after 8 weeks, and the blood serum was dialysed against 0 -9 % saline solution. The sera were tested for sperm agglutination, and for precipitating antibodies in double-diffusion agar plates prepared on microscope slides (Crowle, 1961) . The titre is expressed as the reciprocal of the highest dilution of antiserum that agglutinates or immobilizes spermatozoa. (Mann, 1954) . In a typical experiment, the citric acid con¬ centration was 0-47 m-moles/100 ml of ejaculated semen, as compared to 0-03 m-moles/100 ml in the suspension of spermatozoa prepared for extraction. Table 2 . Cells extracted with 0-0125 N-NaOH are smaller than unextracted Table 2 dimensions of the heads of ram spermatozoa before and after = 60, Student's t = 10 for differences in both length and width. Differences of the means are significant beyond the 1% level.
•( Range of measurements on ten spermatozoa.
Measurements were made on preparations stained by the Giemsa method.
cells by an amount that probably represents the loss of materials from the acrosome region. Higher concentrations of sodium hydroxide caused a further decrease in the size of heads and also a slight change in shape inasmuch as the equatorial segment was now distinctly wider than other parts of the head. Since ram spermatozoa treated with 0-5 M-Na2C03 stained uniformly red by the Giemsa method it was impossible to detect changes in the acrosome region.
Lower concentrations of sodium carbonate had no apparent effect.
A membranous structure was partly or completely dislodged from the acro¬ some region of ram spermatozoa treated with 1 -5 mM ctab. This structure, which was stained red by the Giemsa technique, appeared to peel off the head from the equatorial segment toward the anterior: it was often seen lying free of the cells (PL 2, Figs. 7 and 8 ). The material in the acrosome region which stains red by the Giemsa method was removed from ram spermatozoa by agitation with glass beads. The detached material had a tendency to clump and it was readily seen after staining (PL 2, Fig. 9 ). The details of the acrosome region were less obvious in spermatozoa stained by the pas technique ; however, the material that was PAS-positive appeared to be the same as that coloured red after Giemsa staining. Spermatozoa which appeared by the Giemsa method R. R. Hathaway and E. F. Hartree to have lost the membranous material from the acrosome region were not stained by the pas reagent.
Bull spermatozoa were affected by mechanical agitation and by 1 -5 Koefoed-Johnsen & Mann (1954) , a marked disruption of head membranes and tail ends can be detected by electron microscopy in ram spermatozoa which have been treated with 2 -5 mM ctab. Agitation with glass beads appears to be the most effective means of removing acrosomes although some separation of heads from midpieces also takes place. Most of the carbohydrate in the spermatozoa, and much of the nitrogen-containing material, that were soluble in 0-1 N-NaOH were also dissolved by 0-0125 N-NaOH (Text- fig. 1 ). This observation supports the idea that a structural element, the acrosome, is extracted by the weaker alkaline solution. Other material may well be extracted by dilute sodium hydroxide but this is not obvious from the stained preparations.
Our finding that disruption of the acrosome is accompanied by a release of hyaluronidase suggests that at least part of the enzyme is present in the acro¬ some. Austin (1960) observed that hyaluronidase was released from sperm¬ atozoa treated with digitonin, which removed the acrosome. However, the enzyme was not liberated from spermatozoa which had been treated with formalin which preserves the attachment of the acrosome to the spermatozoon.
These observations are consistent with the work of Masaki & Hartree (1962) who found that most of the cellular enzyme of bull spermatozoa is present in the heads.
The similarity between antigens in extracts of ram spermatozoa and in ram seminal plasma might be due either to the small proportion of seminal plasma remaining in the sperm suspensions from which the extracts were prepared or to seminal plasma antigens that were absorbed to the spermatozoa. Weil and his associates (Weil, Kotsevalov & Wilson, 1956; Weil & Finkler, 1958; Weil & Rodenburg, 1960) were unable to find differences between antigens in seminal (ejaculated) spermatozoa and seminal plasma, and found that rabbit epididymal spermatozoa and human testicular (spermatocele) sperm¬ atozoa lacked the antigens shared by the seminal plasma and seminal spermato¬ zoa. They concluded accordingly that antigen is taken up from the seminal plasma by the spermatozoa. Since after various attempts at extraction seminal spermatozoa released only trace amounts of antigen, a strong bond must exist between seminal plasma antigens and spermatozoa (Weil, 1961) .
Earlier studies with guinea-pig spermatozoa have shown that sperm extracts contain several antigens (Pernot, 1956; Katsh & Katsh, 1961) . One of these antigens is probably a complex polysaccharide (Katsh & Katsh, 1961) , and as such it could be acrosomal material.
